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Abstract. Searchesfor R-parity violating supersymmetrywith the DØ detectorat the Fermilab
Tevatronpp̄-colliderarepresented.In thecaseof non-zeroLLĒ couplingsl i jk

�

0 � 01,multi-lepton
�nal states,and for a small coupling l 122 �

0 � 01 di-muon �nal statesare studied.The caseof
non-zeroLQD̄ couplingl �211 leadsto �nal stateswith two muonsandjets.

A total integratedluminosity of 0 � 38 fb �

1 collectedbetweenApril 2002and August2004 is
utilized. The observed numbersof eventsarein agreementwith the StandardModel expectation,
andlimits on �Rp supersymmetryarederived,extendingsigni�cantly previousbounds.
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INTR ODUCTION

Supersymmetry(SUSY) predictsthe existenceof a new particle for every standard
model(SM) particle,differingby half aunit in spin.ThequantumnumberR-parity [1],
de®nedasR ���
	 1�

3B� L � 2S, whereB, L andSarethebaryon,leptonandspinquantum
numbers,is 
 1 for SM and 	 1 for SUSY particles.Often R-parity is assumedto be
conserved, which leaves the lightest supersymmetricparticle (LSP) stable.However,
SUSYdoesnot requireR-parity conservation.If R-parity violation ( �Rp) is allowed,the
following trilinear andbilineartermsappearin thesuperpotential[2]:
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whereL andQ arethe leptonandquarkSU(2)doubletsuper®eldsand ÅE, ÅU, ÅD denote
thesinglet®elds.Theindiceshavethefollowing meaning:i � j � k � 1 � 2 � 3 = family index;
a � b � 1 � 2 = weakisospinindex; x � y � z � 1 � 2 � 3 = color index. Thecouplingstrengths
aregivenby theYukawa couplingconstantsl � l

�

andl
���

. Thelast term,miLiH1, mixes
the leptonand the Higgs super®elds.The l and l

�

couplingsgive rise to ®nal states
with multiple leptons,which provide excellentsignaturesat theTevatron.All analyses
presentedhererequirethatonly one �Rp couplingis of signi®cantsize,sincestrict limits
exist ontheproductof two couplings,i.e. from theprotonlifetime [3]. A detailedreview
of �Rp SUSYis givenin [4].

Thedatafor this analysiswererecordedby theDØ detectorbetweenApril 2002and
August2004at a center-of-massenergy of � s � 1 � 96 TeV. The integratedluminosity
correspondsto 380 � 25 pb�

1. A detaileddescriptionof theDØ detectorcanbefound
in [5].



Gaugino pair and associatedproduction

The charginos and neutralinosare producedin pairs or associated.The produced
sparticles(cascade)decayto the lightest neutralino c̃ 0

1 . When assuminga non-zero
LL ÅE coupling,then this neutralinodecaysinto two charged leptonsandoneneutrino
by violatingR-parity. The®nal statethereforecontainsat leastfour chargedleptonsand
two neutrinoswhich leadto missingtransverseenergy ( �ET) in thedetector.

This analysisrequiresthe prompt decayof the lightest neutralino c̃ 0
1 , so that all

particlesoriginatefrom thesamevertex, leadingto theconstraintthatthecorresponding
LL ÅE-coupling(l 121, l 122, or l 133) is largerthan � 0 � 01.For bestacceptance,only three
charged leptonsare requiredto be identi®ed.Threedifferent analysesare performed
dependingon the�a vorsof theleptonsin the®nal stateeel, mml, eet , with l � e� m. All
threeanalysesareoptimizedseparatelyusingSM andsignalMC simulations.Detailsof
theselectionandtheanalysescanbefoundin [6].

Sinceno evidencefor �Rp-SUSY is observed in tri-lepton events,the analysesare
combined.Upperlimits on thecharginoandneutralinopairproductioncrosssectionare
set.Lower boundson themassesof thelightestneutralinoandthelightestchargino are
derivedin mSUGRAandin anMSSM scenariowith heavy sfermions,but assumingno
GUT relationbetweenthegauginomassesM1 andM2. All limits asshown in Fig. 1 are
themostrestrictive to date.
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FIGURE 1. Crosssectionlimit for threedifferentLLĒ couplingscomparedto the mSUGRA cross
sectionprediction(left). Within mSUGRA with relaxed gauginoGUT relation exclusion contoursfor
eachcouplingl 121, l 122, l 133 in them(Äc 0

1)–m(Äc �1 ) planearederived(right). [6]



Neutral long lived particles (NLLP)

Here,a small LL ÅE couplingl 122 is assumedleadingto long neutralinoc̃ 0
1 lifetimes

anda displaceddi-muonvertex. Theprimaryvertex wasreconstructedusingall tracks,
exceptthoseassociatedwith muons.Theprimaryvertex is requiredto bewithin 0 � 3 cm
of thebeamlinein x andy andwithin 60cmof thedetectorcenterin z. Two muonsmust
originatefrom thesamesecondaryvertex, thatis displaced5 	 20cmwith respectto the
primaryvertex. Detailscanbefoundin [7].

This analysisis sensitive to neutral, long-lived particlesdecayingto mm+X. The
backgroundis estimatedto be 0 � 75 � 1 � 1 (stat) � 1 � 1 (syst) events.No eventswere
selectedanda limit on theproductof NLLP pair productioncrosssectiontimesdecay
branchingfraction into mm 
 X is setasa functionof the lifetime. The 95% CL cross
sectionlimit for amassof 10GeVanda lifetime of 4 � 10�

11 s is 0 � 14pb. Theresultas
shown in Fig. 2 excludesaninterpretationof theNuTeV excess[8] of di-muoneventsin
a largeclassof models.
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FIGURE 2. Crosssectionlimit with 95%CL. The interpretationof theNuTeV excessin thedi-muon
channelarisingfrom thedecayof neutrallong livedparticlesis shown aswell andcanbeexcluded.[7]

ResonantSecondGenerationSleptonProduction

The LQ ÅD coupling offers the opportunity to producesleptonsin p Åp-collisions as
resonances.For a non-zerocouplingl

�211 this is eithera smuonor a muonsneutrino.
Thesleptoncascadedecaysinto the lightestneutralinoc̃ 0

1 andassociatedleptons.The
neutralinodecaysvia the sameR-parity violating coupling l

�211 into a 2nd generation
leptonandtwo jets.The crosssectionis proportionalto � l

�211�

2, so that limits on this
couplingcanbederived.

Three resonantsleptonchannels(i) m̃ � c̃ 0
1 m, (ii) m̃ � c̃ 0

2 � 3 � 4 m, and (iii) ñm �

c̃
�

1 � 2 m resultingin di-muonandmulti-jet ®nal statesfor neutralinodecays̃c 0
1 � mqÅq

�

areanalyzedseparately. For the further discriminationof the signalandthe Standard



Modelbackground,theanalysesmakeuseof thepossibilityto reconstructtheneutralino
m� c̃ 0

1 � � m� m� q � q� and the sleptonm� l̃ � � m� m� m� q � q� masses.More detailscanbe
foundin [9].

In the absenceof an excessin the data,crosssectionlimits on resonantslepton
productionwere set. To be as model independentas possible,limits with respectto
thesleptonproductioncrosssectiontimesbranchingfractionto gauginoplusmuonare
calculated.Theresultsareinterpretedwithin themSUGRAframework with tanb � 5,
m � 0, andA0 � 0 andan exclusioncontourw.r.t. l

�211 is derived.All threechannels
werecombinedto form onelimit for qÅq � l̃ . Lower limits for thesleptonmassof 210,
340and363GeVindependentof othermassesareobtainedfor l

�211 valuesof 0 � 04,0 � 06
and0 � 10,respectively, asigni®cantimprovementcomparedto previousresults.
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FIGURE 3. Crosssectiontimes branchingfraction limit for the processÄm ä

Äc 0
1m (left). All three

resonantsleptonproductionchannelscan be combinedwithin mSUGRA and are translatedinto an
exclusioncontourwith respectto theLQD̄ couplingstrengthl �211 (right). [9]
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